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ABSTRACT: Trichoderma species are non-pathogenic microorganisms that protect against
fungal diseases and contribute to increased crop yields. However, not all Trichoderma
species have the same effects on crop or a pathogen, whereby the characterization and
identification of strains at the species level is the first step in the use of a microorganism.
The aim of this study was the identification - at species level - of five strains of Trichoderma
isolated from soil samples obtained from garlic and onion fields located in Costa Rica,
through the analysis of the ITS1, 5.8S, and ITS2 ribosomal RNA regions; as well as the
determination of their individual antagonistic ability over S. cepivorum Berkeley. In
order to distinguish the strains, the amplified products were analyzed using MEGA v6.0
software, calculating the genetic distances through the Tamura-Nei model and building the
phylogenetic tree using the Maximum Likelihood method. We established that the evaluated
strains belonged to the species T. harzianum and T. asperellum; however it was not possible
to identify one of the analyzed strains based on the species criterion. To evaluate their
antagonistic ability, the dual culture technique, Bell’s scale, and the percentage inhibition of
radial growth (PIRG) were used, evidencing that one of the T. asperellum isolates presented
the best yields under standard, solid fermentation conditions.
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INTRODUCTION

Species from the genus Trichoderma include a vast number of strains with economic
importance based on their biological control potential, being commercialized as biopesticides,
biofertilizers, and soil enhancers. They are non-pathogenic microorganisms that provide
protection against fungal diseases caused by Phytophthora, Rhizoctonia, Sclerotium,
Pythium, and Fusarium genera (Peteira et al., 2001); additionally, they promote high yields
in crops (Ezziyyani et al., 2004a). These traits derive from their ability to produce antifungal
metabolites, release hydrolytic enzymes, and their mycoparasitic behavior, as well as the
production of other substances that enhance plant growth (Suarez-Mesa et al., 2008).

In garlic (Allium sativum) crops, positive results of biological control against the pathogen
Sclerotium cepivorum - responsible for white rot - have been observed through the use
of native isolates of Trichoderma obtained from the region of Llano Grande, in Cartago,
Costa Rica (Astorga Quirds et al., 2014a). However, not all Trichoderma species have the
same effects over a pathogen or a specific crop. Hence the strain characterization and
identification at a species level is the first step required to select the correct microorganism,
since it determines which isolate presents a higher antagonistic effect over another
particular organism (Rubio et al., 2005).

Studies on Trichoderma diversity and speciation have determined that the ribosomal RNA
regions ITS1, 5.8S, and ITS2 are among the most informative sequences, in taxonomical
and phylogenetic terms (Guigdn-Ldépez et al., 2010).

The hypotheses was that Trichoderma is a genus present in the onion and garlic’'s
rhizosphere in soil in Costa Rica, and the isolates obtained had different levels of antagonistic
activity against S. cepivorum. The objective of this study was the identification, at a
species level, of five different strains of Trichoderma isolated from soil samples gathered
at garlic (Allium sativum) and onion (Allium cepa) production fields from the region of
Llano Grande in Cartago, where microorganisms had not been implemented, through
the study of the ribosomal RNA (rRNA) regions ITS1, 5.8S and ITS2; as well as the in vitro
determination of the antagonistic effect of each strain on Sclerotium cepivorum Berkeley.

MATERIAL AND METHODS

Total DNA extraction and amplification of ITS1, 5.8S and ITS2 rRNA regions

Five strains of Trichoderma spp., previously purified and identified as A, B, C, B, and D,
were cultured in Petri dishes with Potato Dextrose Agar (PDA) medium, acidified with
lactic acid. These strains were maintained at room temperature during three days, in
order to allow growth of sufficient mycelium to perform total DNA extraction.

The DNA extractions were achieved through the use of Wizard Genomic DNA Purification
Kit for A, B, and D, strains, while for B and C strains, the DNeasy® Plant Handbook kit was
used. In both cases, the extraction was performed as described per the manufacturer’s
specifications, with a modification in the initial stage, with samples being exposed to liquid
nitrogen in lysis buffer for 2 min, for the latter disruption of the material using a Retsch®
macerator. DNA concentration and purity were quantified through spectrophotometry, using
260 and 280 nm absorbance values.

The amplification of the ITS1, 5.8S and ITS2 regions generated from the total DNA extractions
was developed according to the method proposed by Guigén-Lépez et al. (2010), using
SR6R (5'-AAGTAGAAGTCGTAACAAGG-3’) and LR1 (5'-GGTTGGTTTCTTTTCCT-3") oligos. The
thermocycling program used was: 1 cycle at 94 °C for 2 min, 30 cycles at 94 °C for 30 s,
30 cycles at 50 °C cycles for 45 s, 30 cycles at 72 °C for 1 min and a final 72 °C cycle for
15 min. The PCR products were run using 1 % agarose gel during 30 min. The MassRuler™
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DNA Ladder Mix molecular marker was used. Sequencing of the amplified products was
performed sending 20 uL of each sample to the Macrogen Inc company (USA).

Sequence editing and alignment for phylogenetic reconstruction

The sequences were first edited with the BioEdit software (Hall, 1999), then assembled
through the CAP3 tool (Huang and Madan, 1999); finally they were aligned to the
homologous sequences through the tool MUSCLE, from EMBL-EBI (Edgar, 2004). The multiple
alignment file was examined with the MEGA v6.0 software (Tamura et al., 2013) in order
to calculate the genetic distance between the strains based on the number of base pair
substitutions between the sequences. The positions with missing data were eliminated
using the Tamura-Nei model. The phylogenetic trees were built through the Maximum
Likelihood (ML) method, with a 500 repetition bootstrap.

Antagonistic activity of the isolated Trichoderma strains over S. cepivorum

The dual culture technique was used as described by Astorga Quirés et al. (2014b).
For this study, five repetitions were performed for each strain, which were incubated
under the same conditions for a 10-days period.

The antagonistic effect of the Trichoderma isolates was verified according to the
scale proposed by Bell et al. (1982). Additionally, as a second indicator to test their
antagonistic activity, the percentage inhibition of radial growth (PIRG) was determined
employing the formula presented by Ezziyyani et al. (2004b), PIRG = (R, - R,)/R; x 100,
where R, corresponds to the pathogen’s growth radius (control) and R, is the growth
radius of the pathogen once it is inoculated with Trichoderma. In order to establish
the value for R, five Petri dishes with PDA were inoculated with a disk 5 mm in
diameter with 10-days of age active mycelium of S. cepivorum, which allowed
us to determine the average radius of these cultures. A previous assay had been
performed to corroborate the feasibility of reproducing these microorganisms in solid
state fermentation. Considering these three characteristics (viz. Bell's scale, PIRG
and reproduction feasibility), the potential application of each isolate, to be used in
S. cepivorum biological control programs, was evaluated.

Aside from the previously mentioned factors, the ease of reproducing the different stains
under a standardized protocol for solid state fermentation was also determined.

Reproduction Tests for every isolate

The ease of reproduction strains was assessed by the conidial concentration produced and
viability of conidia. To do this, sterile trays with 500 g of hydrated rice were inoculated
with 30 mL of a solution of spores at a concentration of 1.0 x 10° conidia/mL. Ten trays
per strain were inoculated and incubated for 12 days at 28 °C, 80 % RH. Subsequently,
for measuring the conidial concentration, serial dilutions in sterile distilled water were
performed with 10 g of every tray. Counts in Neubauer’s Chamber were performed using
10* dilution. The average of the samples was calculated for each strain. Viability was
obtained by inoculating 0.2 mL of the same dilution on PDA medium. Ten plates were
inoculated for each strain, and were incubated seven days at 28 °C. The colonies were
counted and the average for each strain was obtained.

RESULTS

Total DNA extraction and amplification of ITS1, 5.8S and ITS2 rRNA regions

An average concentration of 39.21 ug/mL with an average A,q/A,q absorbance ratio of
1.74 of the total DNA from the five strains of Trichoderma was obtained. The amplification
of the segment of interest was approximately 600 pb (Figure 1).
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Figure 1. Electrophoretic bands generated during the optimized PCR reaction.

Sequence editing and alignment for phylogenetic reconstruction

The amplified sequences from each strain were compared to the GenBank database
through the “Nucleotide Blast” search, where the A, B and C strains (GenBank: KM456214,
KM456216 and KM456217, respectively) evidenced a 99 % similarity with the KF723005.1
T. asperellum accession number. The D, strain (GenBank: KM456218) presented a 99 %
similarity with the accession number EU280079.1, for T. harzianum. Regarding the B,
strain (GenBank: KM456215), the oligonucleotides used were only able to identify the
strain at a genus level, since there was not a significant percentage of similarity among
the Trichoderma species to which it was compared in the database.

The development of the phylogenetic tree through the Maximum Likelihood (ML) method
evidenced the existing differences between taxa, and presented a similar behavior to that
observed when the sequenced PCR products were compared to the GenBank database,
where the A, B and C strains were grouped together, while the strains B, and D, were
more phylogenetically distant, being separated from the previously mentioned group.

Antagonistic activity of the isolated Trichoderma strains over S. cepivorum

The isolates presented divergent behaviors with regard to their antagonistic effects. According
to Bell's scale, the strains ranged between classes 1 and 3; with B,, C and A being most
aggressive (in that order), while B and D,showed a poor antagonistic activity. On the other
hand, by analyzing the PIRG determinations, it was established that B, and C presented
the best results (>50 %), being similar to the tendency observed in Bell’s scale (Table 1).

Reproduction Tests for every isolate

Concentration measurements and viable conidia were different for each of the isolates
(Table 2). Strain C had the highest production of conidia and as many viable conidia per
ml of the tested solution. By contrast, B4 and D4 produced lower amounts of conidia
and viable conidia.
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Table 1. Assessment of the Trichoderma spp. isolates in relation to their antagonistic activity and
their reproduction ability in standard conditions for a solid state fermentation

Bell’s Scale

Strain A — Inhibition of Biological Control
value ntagonistic radial growth Potential
potential
%
A 2 Good 48.92 3
B 3 Poor 48.38 4
C 2 Good 53.50 1
B4 1 Very good 61.08 2
D4 3 Poor 47.30 5

Table 2. Measurement of the reproduction capacity in solid substrate fermentation

Strain Conidia/mL Viable conidia/mL Reproduction
A 7.5 x 10° 7.0 x 10° Good
B 8.5 x 10° 6.5 x 10° Good
C 1.2 x 10° 1.0 x 10° Good
B4 3.2 x 10’ 2.7 x 10’ Poor
D4 4.5 x 10’ 2.0 x 10’ Poor

For the assessment of reproduction capacity, it was determined that viable conidia
concentrations less than 1.0 x 10° were not suitable for controlled solid substrate
fermentation processes; these values are indicative of poor reproducibility.

DISCUSSION

Total DNA extraction and amplification of the rRNA ITS1, 5.8S, and ITS2 regions

The total DNA extraction procedure was executed using mycelium, in order to obtain the
largest amount of genetic material, since various workers have mentioned the difficulties
encountered when extracting total DNA from spores (e.g. Cassago et al., 2002; Lura
et al., 2003). The application of liquid nitrogen and the maceration along with the lysis
buffer allowed a more efficient disruption, which solubilized a larger amount of nucleic
acids, and ensured the deactivation of DNA degrading enzymes (Rgnsted et al., 2007).
The selected method allowed an average purity value of 1.74, which benefited the
subsequent amplification and sequencing process of the bands of interest (Glasel, 1995).

The average 642 bp amplified region from ITS1, 5.8S, and ITS2 (Figure 1) presented a
considerable similarity to that reported by Guigén-Lépez et al. (2010), who obtained
a 605 bp sequence using the same oligos for the identification of T. asperellum and
T. longibrachiatum. In this context, it is possible to confirm the reports of Beiggi and
Piercey (2007), as well as Besse (2014), who suggested the efficiency of this sequence for
the determination of phylogenetic and evolutionary relationships, since it contained the
highly conserved 5.8S rRNA region, which is surrounded by two highly variable regions
(ITS1 and ITS2) that differ even between species (Deng et al., 2008).

Sequence editing and alignment for phylogenetic reconstruction

The use of Blast demonstrated that, through the amplified rRNA region of the studied
strains, it was possible to determine homologies up to a 99 % similarity with species
identified in the database. Strain B, was the only exception, where the identification
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reached the genus level. This outcome resembles Martin and Rygiewcz's (2005) report,
where they suggest that obtaining low percentage results for identity through a Blast
search can be due to the absence of reference sequences in the database.

On the other hand, the phylogenetic analysis of the strains in this study presented a similar
tendency to the results gathered through the initial Blast search (Figure 2). Strains A, B and
C were grouped in one same node, while D, was the most distantly related taxon. B, is more
closely related to B and C; according to Mendoza-Revilla (2012), when more common ancestors
are shared by two taxa, they are most related to each other. This is evidenced through the
genetic distance matrix of the Trichoderma strains (Table 3), where the divergence of the
taxa A, B and C in regards to B, is 0.06, while the divergence with D, is 0.70.

These results match those gathered by Sanz et al. (2004) in a study where they indicated
that, due to the existing polymorphisms in each taxon, the rRNA coding sequence
contributed to the distinction between Trichoderma genotypes; allowing exploration of
the genetic diversity, as well as establishing associations among genotypes.

Antagonistic activity of the isolated Trichoderma strains over S. cepivorum

Trichoderma's biocontrolling ability is related to its development of different mechanisms
that allow it to compete directly for space and nutrients. In fungi, these mechanisms
are associated with the production of antifungal metabolites, the secretion of hydrolytic
enzymes, and their mycoparasitic ability, being behaviors that are expressed at different
intensities depending on the strain used (Michel Aceves et al., 2013).

The biocontrolling ability is shown in table 1, indicate the different antagonistic behaviors
found in the same species. From Bell’s scale as well as the PIRG determination, it was
shown that B,, C and A strains, respectively, had the best antagonistic activity yields,
even though strains A, B and C are the same species based on the phylogenetic study
(Figure 1). A similar trend was found by Hoyos-Carvajal et al. (2008) when studying
T. harzianum species, where it was concluded that each isolate could have a specific
mycoparasitic activity. Therefore, it is not possible to generalize and indicate that a
specific Trichoderma species can be classified as a good antagonistic fungi, because
that characteristic is specific to each isolate.

Isolate A GenBank: KM456214
Isolate C GenBank: KM456217
Isolate B GenBank: KM456216

Isolate B4 GenBank: KM456215
Isolate D4 GenBank: KM456218

P
0.05

Figure 2. Phylogeny reconstruction based on the ITS1-5.85-ITS2 sequences from the rRNA.

Table 3. Genetic distance matrix between the isolated strains of Trichoderma

Strain A B C D, B,
A - - - - -
B 0.01 - - - -
C 0.01 0.01 - - -
D, 0.70 0.70 0.70 - -
B, 0.06 0.06 0.06 0.71 -
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Reproduction Tests for every isolate

The usefulness of these results in Costa Rican agriculture was carefully analyzed when
the reproduction ability of each isolate in standard solid fermentation was studied.
When performing the assay, as occurred in the antagonistic activity tests, differences
between the same Trichoderma species were identified, with variations that depended
on the isolate as well as biotic and abiotic factors. The fact that a strain had high values
of conidial concentration and viable conidia in solid fermentation tests facilitates the
transfer of results to farmers and companies producing microorganisms.

Therefore, considering these previously mentioned aspects, strain C - identified as
T. asperellum - was selected as the most efficient isolate to be used in garlic crops to
fight against the strain of S. cepivorum also isolated from the site of study.

CONCLUSIONS

Two different species of Trichoderma were identified As a result of the isolation of five
fungal strains from a garlic agro-ecosystem; the strains were labeled A, B, and C being
T. asperellum, and D, being T. harzianum.

Strain B, was not possible to identify at a species level, but this strain is more closely
related to strains A, B and C than to D,.

Some species had a good performance in the antagonistic activity test and can be
considered as promising for biological control, but an isolate needs other desirable
characteristics before being useful in the agroecosystem.

Strain labeled C presented the highest yield regarding antagonistic activity, considering
its survival ability within a standard medium in a solid state fermentation. Therefore,
this strain is the first option for being introduced into integrated management programs
for controlling white rot in the region of Llano Grande in Costa Rica.

ACKNOWLEDGMENTS

This study was developed within the project “Isolation and use of Trichoderma spp.
strains for the biological control of the fungi Sclerotium cepivorum Berkeley, producer
of the soft rot in garlic (Allium sativum)”, belonging to the Centro de Investigacién en
Biotecnologia (Biotechnology Research Center) of ITCR. The authors would like to thank
the Research and Extension Vice-Rector Office (VIE, its acronym in Spanish) of ITCR and
CONARE's FEES funding.

REFERENCES

Astorga Quirds K, Zufiga Vega C, Rivera Méndez W. Aislamiento e identificacién de
patdégenos de la estirpe silvestre del ajo (Allium sativum 1.). Tecnol Marcha. 2014b;27:77-84.
doi:10.18845/tm.v27i1.1698

Astorga Quirds K, Meneses Montero K, Zufiga Vega C, Brenes Madriz J, Rivera Méndez W.
Evaluacion del antagonismo de Trichoderma sp. y Bacillus subtilis contra tres patdgenos del ajo.
Tecnol Marcha. 20144a;27:89-98. d0i:10.18845/tm.v27i2.1929

Beiggi S, Piercey M. Evolution of ITS Ribosomal RNA secondary structures in fungal and
algal Symbionts of selected species of Cladonia sect.Cladonia (Cladoniaceae, Ascomycotina).
] Molec Evol. 2007;64:528-42. d0i:10.1007/s00239-006-0115-x

Bell D, Well H, Markham C. In vitro antagonism of Trichoderma species against six fungal plant
pathogens. Phytopathology. 1982;72:379-82. doi:10.1094/Phyto-72-379

Rev Bras Cienc Solo 2016; v40:0150454 7



Alvarado-Marchena and Rivera-Méndez Molecular Identification of Trichoderma spp. in Garlic and Onion Fields...

’r-
‘
Y\

Besse P. Nuclear Ribosomal RNA Genes: ITS Region. In: Besse P, editor. Molecular plant
taxonomy: methods and protocols, methods in molecular biology. New York: Springer Science
Business Media; 2014. v.1115. p.141-9.

Cassago A, Panepucci R, Tortella A, Henrique F. Cellophane based mini-prep method for DNA
extraction from the filamentous fungus Trichoderma reesei. BMC Microbiol. 2002;2:14-9.
doi:10.1186/1471-2180-2-14

Deng W, Xi D, Mao H, Wanapat M. The use of molecular techniques based on Ribosomal RNA
and DNA for rumen microbial ecosystem studies. Review. Molec Biol Rep. 2008;35:265-74.
doi: 10.1007/s11033-007-9079-1

Edgar R. MUSCLE: multiple sequence alignment with high accuracy and high throughput.
Nucleic Acids Res. 2004;32:1792-7. doi:10.1093/nar/gkh340

Ezziyyani M, Pérez C, Sid A, Requena M, Candela M. Trichoderma harzianum como biofungicida
para el biocontrol de Phytophthora capsici en plantas de pimiento (Capsicum annuum L.).
Anal Biol. 2004a;26:35-45.

Ezziyyani M, Pérez S, Requena M, Rubio L, Candela M. Biocontrol por Streptomyces
rochei-Ziyani- de la podredumbre del pimiento (Capsicum annuum L.) causada por
Phytophthora capsici. Anal Biol. 2004b;26:69-78.

Glasel JA. Validity of nucleic acid purities monitored by A260/A280 absorbance ratios.
Biotechniques. 1995;18: 62-3. doi:10.1080/07391102.2014.968874

Guigén-Lépez C, Guerrero-Prieto V, Vargas-Albores F, Carvajal-Millan E, Avila-Quezada GE,
Bravo-Luna L, Ruocco M, Lanzuise S, Woo S, Lorito M. Identificacion molecular de cepas
nativas de Trichoderma spp. su tasa de crecimiento in vitro y antagonismo contra hongos
fitopatégenos. Rev Mexic Fitopatol. 2010;28:87-96.

Hall T. BioEdit: a user-friendly biological sequence alignment editor and analysis program for
Windows 95/98/NT. Nucleic Acids Symp Ser. 1999;41:95-8.

Hoyos-Carvajal L, Chaparro P, Abramsky M, Chet L; Orduz S. Evaluacién de aislamientos de
Trichoderma spp. contra Rhizoctonia solani y Sclerotium rolfsii bajo condiciones in vitro y de
invernadero. Agron Colombiana. 2008;26:451-8.

Huang X, Madan A. CAP3: A DNA sequence assembly program. Genome Res. 1999;9:868-77.

Lurd M, Benitez J, Jduregui S, Génzalez A. Evaluacion de diferentes técnicas de extraccién del
ADN de hongos filamentosos. R Fabicib. 2003;7:37-44. doi:10.14409/fabicib.v7i1.716

Martin K, Rygiewcz P. Fungal specific PCR primers developed for analysis of the ITS region of
environmental DNA extracts. BMC Microbiol. 2005;5:28-39. doi:10.1186/1471-2180-5-28

Mendoza-Revilla . Aportes de la filogenética a la investigacion médica. Rev Ded Hered.
2012;23:119-27.

Michel Aceves AC, Otero Sanchez MA, Ariza Flores R, Barrios Ayala A, Alarcén Cruz N. Eficiencia
bioldgica de cepas nativas de Trichoderma spp., en el control de Sclerotium rolfsii Sacc.,
en cacahuate. Avances Investig Agropec. 2013;17:89-107.

Peteira B, Martinez B, Mufiiz Y, Miranda |. Caracterizacién molecular dela diversidad
genética en algunos aislamientos promisorios de Trichoderma spp. por RAPD. Rev Protec Veg.
2001;16:157-8.

Rgnsted N, Salvo G, Savolainen V. Biogeographical and phylogenetic origins of
African fig species (Ficus section Galoglychia). Molec Phylogen Evol. 2007;43:190-201.
doi:10.1016/j.ympev.2006.12.010

Rubio M, Hermosa M, Keck E, Monte E. Specific PCR Assays for the Detection and Quantification
of DNA from the Biocontrol Strain Trichoderma harzianum 2413 in Soil. Microb Ecol.
2005;49:25-33. d0i:10.1007/s00248-003-0171-3

Sanz L, Montero M, Grondona |, Vizcaino J, Llobell A, Hermosa R, Monge E. Cell wall-degrading
isoenzyme profiles of Trichoderma biocontrol strains show correlation with rDNA taxonomic
species. Curr Genet. 2004;46:277-86. d0i:10.1007/s00294-004-0532-6

Rev Bras Cienc Solo 2016; v40:0150454 8



Alvarado-Marchena and Rivera-Méndez Molecular Identification of Trichoderma spp. in Garlic and Onion Fields...

’r-
‘
Y\

Sudrez-Mesa CL, Fernandez-Barbosa R), Valerio NO, Gdmez-Carrillo RM, Pdez-Redondo
AR. Trichoderma harzianum Rifai in vitro antagonism against Fusarium solani (Mart.) Sacc.
associated to withering in passion fruit. Rev Colomb Biotecnol. 2008;10:35-43.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. MEGA6: Molecular evolutionary
genetics analysis version 6.0. Molec Biol Evol. 2013;30:2725-9. d0i:10.1093/molbev/msrl121

Rev Bras Cienc Solo 2016; v40:0150454 9



